Introduction {#S0001}
============

Malignant melanoma (MM) is a highly aggressive malignant tumor that originates from neural crest melanocytes and is triggered by hyperplasia of abnormal melanocytes. Data released by the GLOBOCAN online database (gco.iarc.fr) in 2018 indicate that 287,723 new cases of MM of skin are diagnosed worldwide, and 60,712 of these patients die.[@CIT0001] The incidence of MM is increasing at a rate of 3% per year.[@CIT0002] MM is characterized by a high metastasis rate, high mortality, and strong drug resistance. The main cause of death is extensive metastasis, including to the lung, liver, bone, and brain.[@CIT0003] Clinically, MM is a highly invasive tumor that is mainly derived from the skin and mucosa and the tunica vasculosa. Lymphatic and hematogenous metastasis can occur in the early stage of tumorigenesis. Metastasis is detected in approximately 20% of patients with MM at first diagnosis, and in these cases the tumor has progressed to the advanced stage.[@CIT0004] The prognosis of metastasis to skin, subcutaneous tissues, or lymphoid tissues is relatively good; the prognosis of metastasis to lungs is moderate; the prognosis of metastasis to liver, bone, brain, or areas with high levels of lactate dehydrogenase is relatively poor. Patients with MM will potentially lose 20.4 years of their lifespan, which is significantly higher than the 16.6 years for all other malignant tumors.[@CIT0005] MM has become one of the malignant tumors that seriously threaten human health and identifying treatment strategies for MM is therefore important.

Angiogenesis provides abundant nutrients for the rapid growth of tumors, as well as a pathway for distant metastasis through blood circulation. The balance hypothesis of the angiogenic switch states that tumor angiogenesis is the result of the co-regulation of tumor angiogenesis inhibitors and tumor-promoting angiogenic factors. Inhibition of angiogenesis suppresses tumor growth. Rh-endostatin (Endostar) is an anti-tumor vascular targeted drug developed by experts in China through the addition of nine amino acids to endostatin. Endostar is a powerful drug targeting endogenous anti-angiogenic molecules and has shown excellent experimental results.[@CIT0006] The mechanisms of action of Endostar can be summarized as follows: 1. it inhibits the migration and proliferation of vascular endothelial cells, blocks neovascularization, and controls tumor growth; 2. it downregulates the expression of vascular endothelial growth factor (VEGF) by acting on the VEGF pathway, and decreases the activity of proteolytic enzymes, thereby blocking the G1 phase of endothelial cells, decreasing the level of Bcl-2 and directly inducing apoptosis of cancer cells; and 3. it reduces the probability of contact between vascular endothelial cells and interstitial or intercellular cells, which facilitates the effect of chemotherapeutics on attacking vascular endothelial cells and inducing apoptosis, thereby inhibiting the proliferation or metastasis of tumor cells.[@CIT0007]--[@CIT0009] Since its arrival in the market, many clinical tests and studies have verified the efficacy, low drug resistance, and decreased adverse effects (AEs) of Endostar.[@CIT0010]--[@CIT0013] Endostar has become the anti-tumor angiogenesis targeting drug with top priority for the first-line treatment of MM in China. Endostar is included in the basic strategies for the first-line treatment of metastatic MM, and is recommended by the Chinese Society of Clinical Oncology Diagnosis and Treatment Guide to Malignant Melanoma 2017.V1.

Recent studies show that inflammatory cells play an important role in tumorigenesis and can be used as an indicator of prognosis.[@CIT0014]--[@CIT0020] However, there are no studies predicting the efficacy of Endostar combined with chemotherapy for the treatment of MM using inflammatory biomarkers. The present study analyzed the clinicopathological features of 55 patients with MM who were treated with Endostar combined with chemotherapy, and which identified relevant variables with prognostic value to explore the effectiveness and safety of this regimen. The efficacy of this regimen was also predicted from the perspective of clinicopathological features and pre-medication inflammatory biomarkers, providing theoretical support for the individualized treatment of patients.

Patients and methods {#S0002}
====================

Patients {#S0002-S2001}
--------

The present retrospective analysis included 55 stage unresectable III--IV patients with MM who had no *KIT, BRAF, RAS (NRAS、KRAS、HRAS), MET* or *NF1* gene mutations and there was no evidence of *MGMT* methylation. All of the patients were treated with Endostar combined with dacarbazine (DTIC) and cisplatin (DDP) between August 2013 and June 2018 in the Department of Musculoskeletal Oncology, Fudan University Shanghai Cancer Center (Shangai, China). Of the 55 patients, 27 had unresectable stage III and 28 had stage IV MM based on the pathological examination performed in our hospital, with imaging examination showing lymphatic or distant metastasis. The medical information of all patients was available including primary and metastatic tumor sites, results of routine and imaging examinations, treatment records, survival follow-up data, and disease progression assessed by imaging. The study was approved by the Institutional Review Board of our hospital, and all patients and their guardians were informed and signed relevant documents.

Treatment {#S0002-S2002}
---------

All patients agreed to use Endostar combined with DTIC and DDP regimens. The specific regimen was: DTIC (250 mg/m^2^) q.d. by intravenous drip for 5 consecutive days; DDP (25 mg/m^2^) q.d. for 3 consecutive days; and Endostar (7.5 mg/m^2^) q.d. for 14 consecutive days, with 2 weeks of rest, with one course of treatment consisting of 28 days. All patients received four to 15 courses of treatment, and a median of eight. Thirty-five (63.6%) patients were simultaneously treated with biotherapy. The specific regimen was interferon alfa-2b (IFN-α-2b) 3 MU/m^2^ and interleukins-2 (IL-2) 5 MU/m^2^, intravenous drip, once every other day and the duration of biotherapy was 1 year.

AEs were assessed, graded and recorded according to NCI-CTCAE 4.0. Patients with grade 1 or 2 AEs were advised to continue medication, with follow-up observations in the outpatient department. Patients with grade 3 or higher AEs were suggested to stop the medication and were hospitalized for symptomatic treatment until the grade of AEs was ≤2. The medication was continued if tolerated by the patient, and the medication was stopped if the patient's safety was at risk or if serious sequelae were suspected.

Assessment {#S0002-S2003}
----------

The follow-up ended on September 30, 2018. Baseline assessments included detailed medical history, physical examination, routine laboratory examination, pathological examination, and ultrasound, computer tomography (CT), or magnetic resonance imaging (MRI) of the primary or metastatic site. After four courses of treatment, RECIST 1.1 was used to assess efficacy, including complete response (CR), partial response (PR), stable disease (SD), and progression of disease (PD). The disease control rate (DCR) was the percentage of patients with CR + PR + SD; the objective response rate (ORR) was the percentage of patients with CR + PR. Progression-free survival (PFS) was defined as the time from the start of the combined regimen to PD or death. In cases of failure of the regimen, patients were advised to enter a clinical trial or to start treatment with other drugs such as apatinib. Pembrolizumab was approved in China in September 2018 for the treatment of MM. Therefore, it is not objective to assess the efficacy of this regimen based on the overall survival (OS) of patients, and no analysis or discussion were made.

Statistical analysis {#S0002-S2004}
--------------------

All data were statistically processed using SPSS 25.0 software. The Kaplan-Meier method was used for survival analysis and the Log-Rank test was used to compare survival curves of patients in different subgroups. A stepwise multivariate Cox regression analysis was used to determine significant prognostic factors. Only prognostic factors with statistical significance in the univariate analysis were included in the multivariate analysis. Differences with a *P*-value \<0.05 were considered statistically significant.

Results {#S0003}
=======

Characteristics of patients at baseline {#S0003-S2001}
---------------------------------------

Of the 55 patients, 23 (41.8%) were men and 32 (58.2%) were women, and the median age was 58 years (range, 38--75 years). The clinical stage was based on the eighth edition of the American Joint Committee on Cancer (AJCC). The 27 patients with unresectable stage III disease were III N3c, while 28 patients (50.9%) with stage IV disease, six were M1a (10.9%), 12 were M1b (21.8%), 6 were M1c (10.9%), and four were M1d (7.3%). Of the 55 patients, 12 (21.8%) were diagnosed with mucosal type, 24 (43.6%) with acro-type, six (10.9%) with chronic sun-induced damage type, and 13 (23.7%) with non-chronic sun-induced damage type. Of 35 patients with melanoma of the limbs, 18 cases were at unresectable stage III, and 17 cases were at stage IV. Baseline data are shown in [Table 1](#T0001){ref-type="table"}.Table 1Patients' characteristics and details of univariate analysis (N=55)CharacteristicsNo. of patients% of totalUnivariate *P*-value of progression free survival**Gender** Male2341.80.3879 Female3258.2**Age (years)** Median, Range5838～75 \<603461.80.1778 ≥602138.2**Baseline ECOG status** 01323.60.7442 13054.6 21221.8**AJCC stage** Unresectable III N3c2749.10.0102\* IV2850.9 M1a610.90.1729 M1b1221.8 M1c610.9 M1d47.3**Melanoma subtype** Mucosal1221.80.0368\* Others4378.2 Acra2443.6 CSD610.9 NCSD1323.7**Melanoma site** Head and neck1221.80.7227 Trunk814.6 Limbs3563.6**Ulceration** Present1323.60.8873 Absent4276.4**Clark level** III or IV22400.4079 V1120**Breslow thickness (mm)** ≤1.023.60.3956 1.01\~2.059.1 2.01\~4.01527.3 \>4.01120**Biological Therapy** Yes3563.60.0102\* No2036.4**NLR** \<1.37814.50.4414 ≥1.374785.5**PLR** \<2064683.60.0756 ≥206916.4**LMR** \<4.833665.50.1766 ≥4.831934.5**Platelet count (×10^9^/L)** \<168.51832.70.0147\* ≥168.53767.3**PAR** \<4.2511832.70.0018\*\* ≥4.2513767.3**PGR** \<4.69411200.0065\*\* ≥4.6944480[^1][^2]

No main organ dysfunction was observed, and the Eastern Cooperative Oncology Group (ECOG) score was 0--2. The results of routine blood tests and liver function tests performed before drug administration were partly included in the statistical analysis, including lymphocytes, monocytes, neutrophils, platelets, albumin, globulin, and their ratios.

Efficacy and prognosis analysis {#S0003-S2002}
-------------------------------

The 55 patients were followed-up for a median of 19.2 months (range, 2.9--37.1 months). Of the 55 patients, seven achieved PR, 20 had SD, and 28 had PD. The ORR and DCR were 12.7% and 49.1%, respectively. The median PFS (mPFS) was 17.9 months \[95% confidence interval (CI), 12.9--22.9\], and the PFS rates at 1 and 2 years were 64.1% and 20.7%, respectively. Details are shown in [Figure 1](#F0001){ref-type="fig"}. Due to 35 patients were simultaneously treated with biotherapy, and 22 non-responsive patients were subsequently treated with apatinib and 6 non-responsive patients were subsequently treated with pembrolizumab, 8 patients (4 patients in unresectable stage III and 4 patients in stage IV) died and the median OS (mOS) was not reached, respectively.Figure 1Kaplan--Meier plot of PFS for all patients.

The results of univariate analysis showed that non-combined biotherapy (*P*=0.0102, [Figure 2A](#F0002){ref-type="fig"}), clinical stage IV (*P*=0.0102, [Figure 2B](#F0002){ref-type="fig"}), mucosal type (*P*=0.0368, [Figure 2C](#F0002){ref-type="fig"}), low pre-treatment platelet count (\<168.5×10^9^/L, *P*=0.0147, [Figure 2D](#F0002){ref-type="fig"}), low platelet to albumin ratio (PAR, \<4.251, *P*=0.0018, [Figure 2E](#F0002){ref-type="fig"}), and low platelet to globulin ratio (PGR, \<4.694, *P*=0.0065, [Figure 2F](#F0002){ref-type="fig"}) were poor prognostic factors affecting the efficacy of Endostar combined with DTIC and DDP regimens. Multivariate Cox regression analysis showed that the independent factors affecting the efficacy of the regimen were clinical stage \[*P*=0.003, hazard ratio (HR) =3.926, 95% CI: 1.578--9.766\] and PAR (*P*=0.005, HR =0.656, 95% CI: 0.489--0.880). Details are shown in [Table 2](#T0002){ref-type="table"}.Table 2Univariate and multivariate analysis for factors influencing progression free survival (PFS) of patientsVariablesProgression free survival (PFS)UnivariateMultivariate*P*-valueHR (95%CI)*p*-valueBiological Therapy (Yes vs No)0.0102AJCC stage (stage III vs stage IV)0.01023.926 (1.578--9.766)0.003Melanoma subtype (Mucosal vs Others)0.0368Platelet count (\<168.5 vs ≥168.5, ×10^9^/L)0.0147PAR (\<4.251 vs ≥4.251)0.00180.656 (0.489--0.880)0.005PGR (\<4.694 vs ≥4.694)0.0065[^3] Figure 2Subgroup analysis of progression-free survival by baseline clinical characteristics and inflammatory biomarkers, including (**A**) biological Therapy, (**B**) AJCC stage, (**C**) melanoma subtype, (**D**) platelet count, (**E**) platelet to albumin ratio，(**F**) platelet to globulin ratio.

Based on the receiver operating characteristic (ROC) curves of platelet counts, PAR, and PGR, the area under curves (AUCs) were 0.6779 (95% CI =0.5351--0.8208, *P*=0.0235), 0.6917 (95% CI =0.5432--0.8402, *P*=0.0214), and 0.7 (95% CI =0.5528--0.8472, *P*=0.0164), respectively. Specifically, based on a PGR \>4.694, the sensitivity for predicting the efficacy of Endostar combined with chemotherapy was 95.83% and the specificity was 40%; for PAR \>4.251 as an independent risk factor, the sensitivity for predicting the efficacy of the regimen was 83.33% and the specificity was 56%. Details are shown in [Figure 3](#F0003){ref-type="fig"}.Figure 3ROC curve analysis of the potential inflammatory biomarkers in patients with metastatic melanoma.**Abbreviations:** AUC, area under curve; CI, confidence interval; PAR, platelet to albumin ratio; PGR, platelet to globulin ratio.

Adverse events {#S0003-S2003}
--------------

The combination of Endostar with DTIC and DDP was tolerated by all patients, and AEs ranged from Grade 1 to Grade 3, which are controllable. There were no Grade 4 or higher AEs. The most common AEs included myelosuppressive responses (leukocyte, platelet, or hemoglobin reduction), gastrointestinal reactions (nausea, vomiting, or loss of appetite) and impaired liver function (elevation of transaminase, bilirubin, or serum creatinine). Grade 3 AEs included decreased white blood cells or blood platelets and vomiting, which occurred in three patients, with an incidence of 5.5%. Details are provided in [Table 3](#T0003){ref-type="table"}.Table 3Adverse events experienced by the patients (N=55)Adverse eventsGradeTotal1 or 23 or 4No.%No.%No.%**Gastrointestinal** Loss of appetite1425.4001425.4 Nausea1832.7001832.7 Vomiting1425.411.81527.2**Hepatic** Increase of aminotransferase1425.4001425.4 Increase of bilirubin610.900610.9**Hematologic** Leucopenia1323.611.81425.4 Thrombocytopenia1425.411.81527.2 Decrease of hemoglobin1221.8001221.8**Others** Increase of LDH23.60023.6 Increase of creatinase11.80011.8 Fever2036.4002036.4 Fatigue59.10059.1 Hypertension23.60023.6 Trichomadesis47.30047.3[^4]

Discussion {#S0004}
==========

Endostar is a novel antitumor drug that shows a significant synergistic effect with traditional chemotherapy (usually including DTIC and DDP). The efficacy of Endostar was verified in clinical trials of non-small cell lung cancer (NSCLC) at stage III, and Endostar was approved by the Chinese FDA for the clinical treatment of advanced NSCLC.[@CIT0007],[@CIT0012] A phase II Clinical trial of Endostar in patients with metastatic melanoma reported that Endostar combined with DTIC improves PFS (4.5 months vs 1.5 months, HR =0.578, *P*=0.013) and OS (12.0 months vs 8.0 months; HR =0.522, *P*=0.005) in patients with advanced MM compared with placebo combined with DTIC.[@CIT0010] DTIC and Melphalan are alkylating drugs. Melphalan loco-regional chemotherapy has been reported as a safe and effective therapy for stage III *BRAF* wild type melanoma patients who fail current systemic therapies, particularly in subjects with *MGMT* methylation[@CIT0021] However, there was no evidence of *MGMT* methylation in our group, so the patients were not receiving Melphalan.

In our study, 35 patients (63.6%) who received combination treatment with biotherapy (ie, IFN-α-2b+IL-2) showed a longer PFS than patients who did not receive combination treatment (19.7 months vs 8.0 months, HR =0.3966, *P*=0.0102; [Figure 2A](#F0002){ref-type="fig"}). There were 16 patients in stage III and 19 patients in stage IV. There was no significant difference between the two cohorts (*P*=0.5076). A Phase III Trial showed that the relapse-free survival (RFS: 7.2 years vs 4.0 years, HR =0.75, *P*=0.015) of high-risk MM patients (stage IIIA-N2a--IIIC-N3) is prolonged if chemotherapy is combined with biotherapy compared with the group receiving only biotherapy (using only a high dose of IFN-α-2b).[@CIT0022] In our group, 27 patients (49.1%) were in unresectable stage III. Therefore, patients showed a longer mPFS, ie, 17.9 months. In terms of safety, many patients experienced multiple AEs. However, AEs were Grade 1--2, which can be controlled by dose interruption or supportive care. Grade 3 and higher AEs are rare, and no death related to treatment was recorded. This is similar to the results of clinical trials related to Endostar. Overall, the combination of Endostar with DTIC and DPP for the treatment of metastatic MM without genetic mutations is safe and well tolerated.

Tumor-specific factors such as clinical stage, tumor location, type, Clark classification, Breslow thickness, and ulceration are predictors of prognosis in addition to patient-specific factors such as age and gender.[@CIT0023]--[@CIT0028] The present study analyzed the influence of the above factors on the PFS of patients and the efficacy of Endostar combined with chemotherapy. Univariate analysis showed that clinical stage (unresectable stage III vs stage IV, 23.5 months vs 11.3 months, HR =0.3713, *P*=0.0102; [Figure 2B](#F0002){ref-type="fig"}) and tumor type (mucosal type vs other types, 9.4 months vs 19.7 months, HR =2.289, *P*=0.0368; [Figure 2C](#F0002){ref-type="fig"}) can be used as a predictors of the efficacy of the regimen. The impact of age (*P*=0.3883), gender (*P*=0.1852), tumor location (*P*=0.7227), Clark grade (*P*=0.4079), Breslow thickness (*P*=0.3956), and ulcers (*P*=0.8873) on efficacy was not statistically significant. In particular, clinical stage can be used as an independent predictor of efficacy. In this group, 3 patients in stage III got PR, 15 patients got SD, while 4 patients in stage IV got PR and 5 patients got SD. ORR of the two cohorts were 11.1% in stage III and 14.3% in stage IV, respectively, with no statistical difference (chi-square test *P*=0.7204), while DCR was 66.7% in stage III and 32.1% in stage IV, respectively, with statistical difference (chi-square test *P*=0.0105). This indicates that patients with MM of non-mucosal type and unresectable stage III are more likely to benefit from Endostar combined with chemotherapy.

Under physiological conditions, the main functions of platelets include blood coagulation, hemostasis, and repair of damaged blood vessels. Platelets release platelet derived growth factor (PDGF), platelet factor, transforming growth factor-β, and VEGF, which can promote tumor neovascularization and tumor growth.[@CIT0029] High platelet counts are therefore associated with poor prognosis in patients with MM, as verified in many studies.[@CIT0030]--[@CIT0032] However, the present study showed that the efficacy of Endostar combined with chemotherapy is greater in patients with high platelet counts. Based on a platelet count ≥168.5×10^9^/L, the sensitivity for predicting a good efficacy of this regimen was 85.19% and the specificity was 50% (AUC =0.6779, *P*=0.0235; [Figure 3](#F0003){ref-type="fig"}). Endostar is an anti-angiogenic drug that can block the response to multiple growth factors,[@CIT0006] so it may inhabit the effect of platelets on promoting tumor angiogenesis and tumor cell proliferation, thereby improving the cell killing effect of chemotherapeutics. However, this does not explain the high efficacy of the regimen in patients with high platelet values. In addition, Yin et al.[@CIT0033] reported that PDGF receptor-β inhibitor slowed tumor growth but increased metastasis in combined radiotherapy and Endostar therapy. We hypothesized that the mechanism of action of Endostar included the reversal of the tumor promoting effect of platelets, or regulation by the level of PDGF released by platelets. However, no relevant studies have been identified, and this mechanism of action remains to be further studied.

Hanahan et al [@CIT0034] proposed that one of the ten characteristics of tumors was the tumor-promoting inflammatory response, and the balance between inflammatory responses in tumors might play a role in predicting disease outcomes. Subsequent studies showed that inflammatory cell counts, albumin, globulin counts, and their ratios were predictors of prognosis in patients with MM, especially the neutrophil to lymphocyte ratio,[@CIT0014]--[@CIT0017] platelet to lymphocyte ratio,[@CIT0017] and lymphocyte to monocyte ratio.[@CIT0020] We therefore included the inflammatory cell count from routine blood examination, the amount of albumin and immunoglobulins from the liver function examination, and the ratio of the above test resulted in the statistical analysis to identify factors predicting the efficacy of Endostar combined with chemotherapy. Preoperative PAR was identified as a predictor of prognosis in patients with cholangiocarcinoma and pancreatic ductal adenocarcinoma;[@CIT0018],[@CIT0019] however, there were no reports on the role of PGR in the prognosis of cancer patients. In the present study, PAR and PGR were used as predictors of efficacy. Specifically, PAR was an independent predictor of efficacy, and PGR had a high AUC (AUC =0.7, *P*=0.0164), indicating a certain predictive accuracy regarding efficacy. Since blood tests and liver function tests are routine examination items in patients undergoing chemotherapy, the results of these examinations should be used to recommend medications, and inflammatory biomarkers such as PAR and PGR should be determined as they had clinical application value.

The present study was a retrospective cohort study and it had several limitations. First, the use of single-center data and 55 cases as the subject of research was associated with bias. The study included patients that showed good compliance and who underwent more than four courses of treatment (4--15 courses of treatment, with a median of 8). Second, the OS of patients was not statistically analyzed and discussed. For those patients who failed Endostar combined with chemotherapy failed, they agreed to enter clinical trials or use other drugs such as apatinib or pembrolizumab. Apatinib is effective in the treatment of metastatic MM[@CIT0035],[@CIT0036] Pembrolizumab was approved by the US FDA on September 4, 2014 for the treatment of unresectable or metastatic MM.[@CIT0037],[@CIT0038] It has become a first-line drug for metastatic MM in Western countries and came into the market in China in September of this year. Thus, assessing the efficacy of this regimen based on the OS of patients was not objective. Finally, because metastatic MM patients treated with chemotherapy alone were not used as the control group, it was difficult to determine whether inflammatory biomarkers (platelet count, PAR, PGR) were predictors of chemotherapy efficacy or predictors of response to Endostar. In the other words, these biomarkers should be used in the treatment regimen of Endostar combined with chemotherapy. Prospective random experiments are necessary to analyze the significance of these indicators in the treatment of metastatic MM by Endostar and to determine precise cutoff values to guide clinical applications.

Conclusion {#S0005}
==========

Endostar combined with DTIC and DDP showed efficacy in the treatment of metastatic MM without gene mutations, and the overall patient tolerance was good. Further clinical trials of this regimen are warranted. The development and clinical application of targeted drugs have diversified the therapy methods and choices for patients with metastatic MM. Patients who are more likely to benefit from a particular therapeutic regimen are commonly identified before the start of therapy to provide patients with the most appropriate therapy, protect them from unnecessary treatments or drug-related toxicities, improve the therapeutic response rate, and enhance the quality of life of patients. In patients treated with Endostar combined with chemotherapy, the baseline platelet counts and the platelet-derived PAR and PGR values were associated with the efficacy of this regimen based on this study and may have potential value for use in clinical practice and subsequent clinical trials. This remains to be further verified by prospective random experiments.
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[^1]: **Note:**\**P* \<0.05 and \*\**P* \<0.01.

[^2]: **Abbreviations:** No, number; ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Committee on Cancer; CSD, melanomas on skin with chronic sun-induced damage; NCSD, melanomas on skin without chronic sun-induced damage; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; PAR, platelet to albumin ratio; PGR, platelet to globulin ratio.

[^3]: **Abbreviations:** CI, confidence interval; AJCC, American Joint Committee on Cancer; PAR, platelet to albumin ratio; PGR, platelet to globulin ratio.
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